The fundamental vibration frequencies of sulphur dichloride have been estimated from the geometry and dimensions of the molecule. These vibration frequencies and the known molecular data have been used to calculate statistically the various thermodynamic pro perties of gaseous sulphur dichloride.
Some therm odynam ical properties of gaseous sulphur dichloride H elm holtz free energy: (A0-E% --N k T ln f; (1) Gibbs function: (<?0-^) = -" r (,n/ -O J ;
E ntropy:
The effective p artitio n function, / , is related to th e absolute partitio n function by means of the degeneracy, g0, and the residual energy, e0, which characterize the molecule in its ground state:
Translational motion. The molecular partitio n function for the translational m otion of a molecule in th e stan d ard ideal gas state is given by th e equation
f0 _ g{2nm kT)i
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where B oltzm ann's constant, k = 1-372 x lO"16 erg/de h = 6-552 x 10-27 erg-sec; P° = 1-014 x 106 dynes/cm .2; and m, the mass of SC12 [ 398 ] There are, unfortunately, neither infra-red nor R am an d ata known for SC12, b u t as this is an angular symmetrical triatom ic molecule its fundam ental vibrational frequencies could be calculated provided one had some knowledge of the force constants for the three fundam ental types of internal motion. The force constant for the. S-Cl link m ay be calculated from the empirical relation (Badger 1934) C« ( re~d ij)3 ' 6 = force constant, re = interatom ic distance, and and di}-are constants which depend on the position of the constituent atom s in the periodic table.
F or sulphur dichloride then 1*86 x 105 (2*0 2 -1*18)3 = 3*14 x 105 dynes/cm.
As a check on this value the following independent m ethod of calculating the force constant can be used. Assume the potential energy of th e two atom s to be represented by the equation
then it can be shown (Sutherland 1938) th a t the force constant, 6, is given by th e relation 6 -= £ .
(10) r2 ' e where De = -(pe, the minimum value of the interatom ic distance. From certain unpublished experiments it has been estim ated th a t the energy of fission of the S-Cl link is 71 kcal./g.mol.; hence taking re as 2*02 x 10~8 cm. then 6 = m n x l*20x 104 dynes/cm. Now it can be dem on strated from experim ental inform ation on diatomic molecules th a t for S-S is 23*7, and for Cl-Cl is 29-3. Taking mn for S-Cl as 26 t which is in good agreem ent w ith the value obtained from B adger's relation. Therefore b = 3T 3 x 105 dynes/cm. m ay be accepted as a probable value for th e force constant of the S-Cl link.
To determ ine the fundam ental vibrational frequencies it is necessary to know the potential energy of th e molecule as a function of the interatom ic distances of the constituent atoms. In general, this function is n ot known, b u t by analogy w ith diatom ic molecules, it m ay be assumed th a t th e increase, V, in the potential energy, relative to a zero value in th e equilibrium state, can be w ritten as th e sum of three quadratic term s: 
W ith a potential function of this form the fundam ental vibrational frequencies can be shown to be given by the following equations: 
vv v2 and r3 are the fundam ental vibrational frequencies; ma is the mass of th e chlorine atom ; mb is the mass of the sulphur atom ; a, the valency angle of SC12; b th e force constant for the S-Cl link = 3T3 x 105 dynes/cm .; ba is the force constant for the valency vibration. The value of ba for CS2 is 2-2 x 10-11 dyne-cm ./radian, and for C120 it is 2-4 x 10~n dyne-cm ./radian (Cross & Van Vleck 1933) ; hence ba for SC12 m ay be taken to be 2-3 x 10-11 dyne-cm ./radian. Substituting the respective values for the param eters in th e above equations it is estim ated th a t th e wave num bers corresponding to th e fundam ental vibrational frequencies of SC12 are oj1 = 404 cm.-1, (i)2 =206 cm.-1 and w3 = 461 cm .-1. As stated above, ex confirmation of these frequencies is lacking, b u t they m ay be com pared w ith those observed for sulphur monochloride, S2C12, which are: 110 cm .-1 (strong); 200 cm .-1 (medium); 247 cm.-1 (weak); 451 cm .-1 (very strong) (K ohlrausch 1937) .
Em ploying the forms of the p artition functions and the d a ta given above we have calculated from equations (1), (2), (3) and (4) the effective Helm holtz free energy (A° -E q), the Gibbs function (G°-E §)and entropy S° for standard gas state a t 1 atm. pressure; these d ata are recorded in the most generally useful form in table 1. In calculating the vibrational contributions we made use of the tables published by Wilson (1940) .
T a b l e 1. T h e H e l m h o l t z f r e e e n e r g y , G i b b s 's f u n c t i o n a n d e n t r o p y o f SULPHUR DICHLORIDE IN THE STANDARD GAS STATE AT 1 ATM. PRESSURE
Some thermodynamical properties of gaseous sulphur dichloride 401 Other thermodynamic properties of sulphur dichloride. The internal energy E, the heat content H, and the molar heat capacity C®, of SC12 in the standard gas state have been calculated from the equations given below. The contributions of the vibrational motion to these quantities have been evaluated from W ilson's tables. The internal energy is given by the expression (£0-^) = M2'(3 + |@ ) r S ® | -(1 4 )
The heat content (H° -E q) = (E° -Eq) + B T ; hence the molar heat capacity C® = is given by the expression
T a b l e 2. T h e i n t e r n a l e n e r g y , h e a t c o n t e n t , a n d m o l a r h e a t c a p a c it y OF SULPHUR DICHLORIDE IN THE STANDARD GAS STATE AT 1 ATM. PRESSURE cal.g.m ol.-1 deg.-1
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